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Despite widespread concern about the safety
of silver–mercury amalgam dental restorations
(Skare and Engqvist 1994), there is little evi-
dence regarding harm or safety in the general
population. Dental amalgams have been used
for over 150 years with no overt adverse
effects. Nevertheless, a 1991 American Dental
Association survey of 1,000 adults found that
50% thought amalgam restorations might
have adverse effects (Gerbert et al. 1992). A
similar survey of dentists found that although
89% of respondents believed that amalgams
posed no risk, 52% reported that they would
replace such restorations at a patient’s request
(Gerbert et al. 1992). Reviews in both the sci-
entiﬁc and lay literature link amalgam restora-
tions to severe psychiatric, neurologic, and
immunologic effects (Anonymous 1991; Fung
and Molvar 1992; Hanson and Pleva 1991;
Weiner et al. 1990). 
Severe chronic occupational exposure to
elemental mercury (Hg0) vapor has been asso-
ciated with a constellation of neuropsycho-
logic symptoms, the “Mad Hatter Syndrome.”
Amalgam restorations are approximately 50%
inorganic mercury (Hg0), and systemic
absorption of Hg0 vapor from amalgams is
well demonstrated (Berlin 1969; Berlin et al.
1975; Hurch et al 1980; Newton and Fry
1978; Takahata et al. 1970; Wantanbe 1969).
Occupational exposure in dentists is associated
with intentional tremor of muscles responsible
for fine motor tasks, personality changes,
behavioral changes, memory loss, increased
excitability, and severe depression (Echeverria
et al. 1995; Ngim et al. 1992). No data are
available to assess possible neurotoxic effects
related to levels of amalgam-derived exposure
found in the general population.
The present report draws on a cross-
sectional sample of working adults, 30–49
years of age, that was designed to examine
whether amalgam-derived mercury exposure is
associated with cognitive functioning, includ-
ing memory, attention and executive function,
and visuomotor and visuospatial coordination.
Exposure was assessed using the total number
of visible amalgam surfaces and the number of
visible occlusal amalgam surfaces, and by uri-
nary mercury concentration (UHg).
Materials and Methods
The Columbia-Presbyterian Institutional
Review Board approved the protocol and
informed consent documents for this study.
Between September 1997 and December
1999, we invited a random sample of 1,966
employees at a university health center to par-
ticipate in a study titled “Dental Health and
General Well-Being.” We used a stratiﬁed ran-
dom sampling of the personnel roster to select
a sample with equal numbers in four strata
defined by age (30–39 or 40–49 years) and
employment status (professional or support
staff). Older employees were not studied
because, on average, the total number of
amalgam surfaces declines after 50 years of
age because of the loss of teeth (National
Institute of Dental Research 1987). After
excluding 229 noneligible persons, 550
(32%) agreed to participate in a 90-min eval-
uation that included collection of urine and
blood samples, a questionnaire, and a neuro-
psychologic battery. We excluded personnel
no longer employed at the medical center,
dental personnel, non-English speakers, and
pregnant women.
Participants. Compared with nonpartici-
pants, participants were less likely to be profes-
sional staff and less likely to be male (Table 1).
One hundred nonparticipants agreed to com-
plete a brief telephone interview to obtain
basic demographic data (not the full question-
naire). They were similar to participants with
regard to Hispanic origin and educational
attainment, but were slightly more likely to be
white and less likely to be Asian.
Data collection. Informed consent was
obtained by one of four trained interviewers.
Spot urine samples were obtained for the
measurement of UHg and creatinine. A spe-
cially trained dentist performed a modified
oral examination. An interview obtained
information on demographic and social char-
acteristics, occupational exposures, lifestyle
behaviors (smoking, alcohol consumption,
caffeine consumption, and gum-chewing
behavior), bruxism, and health history. Each
subject completed a neuropsychologic battery
in the clinical research unit. The neuropsycho-
logic tests were administered in a ﬁxed order.
Laboratory assays. UHg was determined
by flow-injection cold vapor atomic absorp-
tion spectrometry (Guo and Baasner 1993)
by one technician. The laboratory partici-
pated in the quality control program for UHg
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Toxicologie du Quebec. Over the full range
(i.e., 5–1,000 nmol/L) of standards analyzed,
agreement was excellent [intraclass correlation
coefﬁcient (ICC) = 0.99]. Agreement was also
excellent (ICC = 0.99) when data were reana-
lyzed over the low end of concentration
(5–200 nmol/L). All UHgs were adjusted for
urinary creatinine and measured using quanti-
tative colorimetric determinations (Sigma
Diagnostics Creatinine Kit; Sigma-Aldrich,
St. Louis, MO), a modification of the Jaffe
reaction (Heinegård and Tiderström 1973;
Jaffe 1886).
Modified dental examination. Four spe-
cially trained dentists performed structured
modiﬁed oral examinations to assess the num-
ber of teeth present and the number and loca-
tion of all restorations. All examinations
required only tongue depressors; teeth were not
probed physically. Prior to the study, interob-
server reliability was assessed in 49 clinic
patients by having each examiner compared
with an expert dentist. Overall agreement for
amalgam counts, both total and occlusal, was
excellent (ICCs from 0.93 to 0.99).
Neuropsychologic battery. Participants were
evaluated on a neuropsychologic battery com-
prising widely used and well-standardized tests.
Speciﬁc cognitive domains assessed and mea-
sures administered were based upon reports of
neuropsychologic impairments in occupational
studies (Albers et al. 1988; Echeverria et al.
1995; Langolf et al. 1978; Ngim et al. 1992;
Ritchie et al. 1995; Roels et al. 1982; Smith et
al. 1970, 1983). Speciﬁcally, verbal memory,
nonverbal memory, attention, and ﬁne motor
coordination were assessed. We used the
Selective Reminding Test (SRT)-total recall
measure (Buschke and Fudd 1974), in which
subjects have six trials to learn a 12-word list,
to assess verbal memory. To assess nonverbal
memory, we used the Benton Visual Retention
Test-immediate recall condition (BVRT)
(Benton 1974), in which subjects are given a
10-sec exposure to each of 10 designs, with
immediate recall by drawing. 
The Trail-Making Test (Reitan 1958)
and the digit symbol subtest of the Wechsler
Adult Intelligence Scale-Revised (WAIS-R)
(Wechsler 1981) assessed attention and psy-
chomotor speed. The Trail-Making Test is
given in two parts, and time to complete
each task is measured. In part A, the partici-
pant is presented with a page of randomly
organized numbers and is asked to draw a
line connecting them in consecutive order. In
part B, the participant is presented with a page
containing both numbers and letters and is
asked to connect them in order, but alternat-
ing between numbers and letters (i.e., 1-A, 2-
B, etc.). The digit symbol subtest of the
WAIS-R is considered a nonspeciﬁc yet sensi-
tive indicator of subtle brain dysfunction. For
successful performance, participants must efﬁ-
ciently integrate attentional, executive, percep-
tual, and motor skills. The test consists of rows
of blank squares, each paired with a random
digit from 1 to 9. Above these rows is a printed
key pairing each digit to a nonsense symbol.
The participant fills in as many as possible
blank spaces according to the key in 90 sec.
The raw score represents the number of
squares ﬁlled in correctly in the allotted time.
We used age-corrected scores, with a mean of
10 and a standard deviation of 3, in analyses.
We used the Grooved Pegboard (Klove
1963; Matthews and Klove 1964) to assess
ﬁne motor coordination. This task was admin-
istered once with the dominant hand and once
with the nondominant hand. The test is
scored as time to completion of the placement
of grooved pegs into a 25-hole board.
Four trained testers, blinded to the results
of the UHg assay, administered all neuropsy-
chologic assessments. A random sample of
test sessions was observed by an expert neuro-
psychologist to ensure reliability of test
administration. To ensure scoring accuracy,
two examiners scored all batteries; the correla-
tion measuring agreement was 99%.
Statistical analysis. Associations between
each exposure measure (UHg, total number of
amalgam restorations, number of occlusal
amalgam restorations) and each neuropsycho-
logic test were estimated using linear regression
analysis. Analyses were adjusted for known pre-
dictors of neuropsychologic performance and
demographic characteristics associated with the
exposure variables. All analyses were adjusted
for sampling stratum as a four-category indica-
tor variable (support staff 30–39 years of age,
support staff 40–49 years of age, professional
staff 30–39 years of age, and professional staff
40–49 years of age). Depending on the out-
come, we controlled for age, sex, race/ethnic-
ity, ﬁrst language (English/other), U.S. born
(yes/no), job description, and educational level
(high school graduate, some college, college
graduate, master’s degree, doctoral degree) in
the regression model.
We conducted conﬁrmatory analyses that
used number of total or occlusal amalgam
restorations excluding restorations that were
sized as “pinprick.” Analyses were repeated
excluding the 43 subjects with more than four
missing teeth not attributable to either ortho-
dontic reasons or to removal of third molars.
We also assumed that these teeth had a range
of amalgam restorations. Results were essen-
tially identical to the main analyses and are
not presented.
Results 
Mercury exposure. Results for the characteris-
tics of mercury exposure are shown in Table 2.
The mean UHg was 1.7 µg/g creatinine and
ranged between 0.09 and 17.8 µg/g creatinine.
Fewer than 5% of participants had UHg > 5
µg/g creatinine. Mean UHg and mean num-
bers of total and occlusal amalgams varied by
sampling strata, with older ofﬁcers and support
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Table 2. Elemental mercury exposure characteristics of healthy, working, nonoccupationally exposed
adults.
No. of
participants Mean ± SD Median Range
UHg (µg/g creatinine) 542 1.7 ± 1.7 1.3 0.09–17.8
No. of total amalgam surfacesa 511b 10.6 ± 9.0 10 0–46
No. of occlusal amalgam surfaces 511 6.1 ± 4.5 6 0–19
No. of nonocclusal amalgam surfaces 511 4.5 ± 5.2 3 0–32
aAssessed during a noninvasive modiﬁed dental examination as described in “Materials and Methods.” bDental assessments
missing on 39 participants.
Table 1. Characteristics of study participants and nonparticipants.
Nonparticipants
Without telephone  Responded to the 
Participants interviewsa telephone interview
No. of subjects 550 1,087 100
Professional staff (%) 53 70 57
Male (%) 38 47 45
Mean age ± SD 38.8 ± 5.8 39.7 ± 5.8 39.4 ± 6.4
White (%) 40 –b 47
African American (%) 13 – 12
Asian (%) 21 – 9
Other/unknown (%) 26 – 32
Hispanic originc (%) 21 – 22
Less than 4-year college degree (%) 26 – 24
4-year college degree (%) 12 – 22
Master’s degree (%) 23 – 13
Doctoral degree (%) 39 – 38
aNonparticipants were asked to answer a brief 5-min telephone questionnaire, which obtained data only on basic demo-
graphic characteristics. bData were not obtained for nonparticipants who refused the telephone interview. cAsked inde-
pendently from race.staff having higher UHg and more restora-
tions. Approximately 14% of participants had
no amalgam restorations. The numbers of total
and occlusal amalgams were linearly related to
UHg (Figure 1) (r = 0.46, p < 0.0001); mean
UHg in those with 0 amalgam surfaces and
those with > 15 were 0.75 and 2.9 µg/g creati-
nine, respectively.
Neuropsychologic tests. Results of the neu-
ropsychologic battery are shown in Table 3.
The mean scores of each neuropsychologic test
were within the norms for the ages studied, and
the scores followed the pattern expected by age.
Professional staff performed better than support
staff on the entire test battery in both age strata.
Associations between other covariates and
neuropsychologic battery. Bivariate associations
between potential confounders and neuropsy-
chologic scores were as expected. Women per-
formed better on tests of verbal and nonverbal
memory (Lezak 1995) and on the digit sym-
bol test (Kaufman et al. 1988; Snow and
Weinstock 1990). Increasing education was
associated with better scores on all tests
(Lezak 1995).
Associations between mercury exposure and
neuropsychologic scores. UHg was not associ-
ated with any measure of neuropsychologic
performance (Table 4), either in analyses that
adjusted only for sampling strata or in analyses
that also adjusted for covariates. The results
were essentially the same when UHg was
replaced by its logarithmic transformation. 
Mean scores, adjusted for covariates and
sampling strata, on the SRT for subjects with
UHg above and below the median (1.29 µg/g
creatinine) were 53.0 and 52.1, respectively.
Adjusted mean scores on the BVRT were 7.5
and 7.7, respectively. No differences were
found for the WAIS-R digit symbol (11.4 vs.
11.3), Trail-Making B (68.0 vs. 69.7), and the
Grooved Pegboard for the dominant (65.2 vs.
65.3) and nondominant (70.3 vs. 70.6) hands.
Similarly, no associations between counts
of either total or occlusal amalgams and neu-
ropsychologic performance were found
(Table 4). Adjusted mean scores for subjects
with more or less than the median numbers
of total amalgams were 52.6 and 52.5,
respectively, on the SRT and 7.4 and 7.8,
respectively, on the BVRT. In addition, no
differences were found for the WAIS-R digit
symbol (11.4 vs. 11.3), Trail-Making B (68.6
vs. 69.1), and the Grooved Pegboard for the
dominant (66.4 vs. 64.4) and nondominant
(71.2 vs. 69.9) hands. Results were similar in
parallel analyses of occlusal amalgams.
The results were unchanged in analyses
that excluded all pinpoint amalgams, regard-
less of tooth surface. Results of the sensitivity
analyses for the missing teeth also were
unchanged.
Discussion
In our sample of working adults, exposure to
mercury from dental amalgams was not
associated with cognitive dysfunction.
Specifically, performance on tests of verbal
and nonverbal memory, attention and psy-
chomotor speed, and ﬁne motor coordination
were not associated with UHg. This sample
excluded persons with occupational exposure
to mercury; thus, our results should not be
generalized to this group.
Exposure levels in our sample were low;
mean UHg was 1.7 µg/g creatinine. In compar-
ison, UHg in persons occupationally exposed
ranges between 2.0 and 60 µg/g creatinine and
varies with occupation. Dentists and dental
workers have lower UHg (range, 2.0–45 µg/g
creatinine) (Bittner et al. 1998; Cianciola et al.
1997; Naleway et al. 1985, 1991; Ritchie et al.
1995; Steinberg et al. 1995; Woods et al. 1993)
than workers in chloralkali or other factories
that use mercury (range, 50–116 µg/g creati-
nine) (Bernard et al. 1980; Buchet et al. 1980;
Ellingsen et al. 2000, 2001; Hansteen et al.
1993; Lauwerys and Buchet 1973; Roels et al.
1985). Occupational studies that include unex-
posed employees as controls have found UHg
similar to ours (range, 0.9–1.4 µg/g creatinine)
(Bernard et al. 1980; Buchet et al. 1980;
Ellingsen et al. 2000; Hansteen et al. 1993;
Lauwerys and Buchet 1973; Roels et al. 1985).
In a healthy male military population with an
average age of 53 years, UHg was also compa-
rable (1.8 µg/g creatinine) (Kingman et al.
1998). Some reports suggest that, in a minority
of individuals, parafunctional behaviors (chew-
ing and grinding) are associated with increased
UHg (Barregard et al. 1995; Mackert 1987;
Vimy et al. 1988). Our data do not conﬁrm
these reports, perhaps because the prevalence of
these behaviors was very low. Nevertheless, our
results may not be generalizable to such indi-
viduals because their exposure may be closer to
that in occupational groups, where associations
between exposure to mercury and neuropsy-
chologic performance are reported.
Numbers of amalgam surfaces, total and
occlusal, were lower than reported in previous
U.S. samples. In the ﬁrst National Health and
Nutrition Examination Survey (NHANES I)
performed between 1971 and 1974, the aver-
age numbers of decayed, missing, and filled
surfaces were 25.7 and 55.5 in those 30–34
and 45–49 years of age, respectively (Brown
and Swango 1993). Similar means were found
in the 1985/1986 National Institute of Dental
Research survey of employed adults and
seniors (National Institute of Dental Research
1987). Our lower numbers likely reflect the
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Table 3. Results (mean ± SD) of neuropsychologic tests in 550 study participants 30–39 or 40–49 years of age.
Support staff Professional staff
Overall sample 30–39 years 40–49 years 30–39 years 40–49 years
Test (n = 547–549) (n = 168–169) (n = 91–92) (n = 157–158) (n = 129–131)
SRT total recall (no. correct) 52.52 ± 8.37 52.28 ± 8.54 48.31 ± 8.78 54.90 ± 6.90 52.89 ± 8.41
BVRT (no. correct) 7.62 ± 1.84 7.55 ± 1.78 6.54 ± 2.15 8.30 ± 1.42 7.66 ± 1.77
WAIS digit symbol (age-scaled score)  11.38 ± 2.63 11.03 ± 2.92 10.01 ± 1.98 11.99 ± 2.40 12.06 ± 2.48
Trail-Making Test, condition A (time, seconds) 32.17 ± 13.11 31.86 ± 12.66 40.84 ± 17.11 27.80 ± 9.85 31.73 ± 10.90
Trail-Making test, condition B (time, seconds) 68.89 ± 29.60 70.80 ± 26.23 87.38 ± 40.96 58.25 ± 22.31 66.21 ± 25.89
Grooved Pegboard, dominant hand (time, seconds) 65.26 ± 13.63 63.05 ± 11.27 73.38 ± 20.74 60.80 ± 7.97 67.82 ± 12.61
Grooved Pegboard, nondominant hand (time, seconds) 70.46 ± 15.29 69.97 ± 14.76 78.12 ± 21.15 64.41 ± 9.52 73.02 ± 13.76
Figure 1. Relationships between UHg (µg/g creatinine) and the number of total mercury-containing amalgam
surfaces (A) and the number of occlusal mercury-containing amalgam surfaces (B). Error bars represent
1 SD above the mean.
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Our results (Figure 1) conﬁrm the previously
observed linear association between number of
amalgams and UHg (Kingman et al. 1998).
Our data show the expected relationships
between several covariates, namely, employ-
ment strata, age, sex, and education, and perfor-
mance on the neuropsychologic tests. These
associations enhance our conﬁdence in the data.
Unlike our study, where exposure levels
were very low, occupational studies of work-
ers in the thermometer and chloralkali indus-
tries ﬁnd associations between UHg level and
both neurologic and neuropsychologic deﬁcits
(Albers et al. 1988; Ehrenberg et al. 1991;
Fawer et al. 1983; Herber et al. 1988; Langolf
et al. 1978, 1981; Miller et al. 1975; Piikivi
and Hanninen 1989; Ritchie et al. 1995;
Roels et al. 1982; Smith and Langolf 1981;
Smith et al. 1970, 1983). Neurologic deﬁcits
include increased intention and resting
tremor (Albers et al. 1988; Ehrenberg et al.
1991; Fawer et al. 1983; Langolf et al. 1978,
1981; Roels et al. 1982; Smith et al. 1970),
balance (Ehrenberg et al. 1991), and sensory
and motor peripheral nerve dysfunction
(Albers et al. 1982; Langolf et al. 1978;
Levine et al. 1982; Miller et al. 1975; Singer
et al. 1987). Current exposure was associated
with decreased scores on the WAIS-R digit
symbol subtest and the BVRT (Ellingsen et
al. 2001). Two studies suggest long-lasting
impairment of function 20–35 years after
exposure ceased, indicating that cumulative,
rather than recent, exposure is important
(Fawer et al. 1983; Mathiesen et al. 1999).
Studies evaluating neuropsychologic perfor-
mance find associations between UHg and
deﬁcits in nonverbal memory, attention, and
psychomotor coordination (Herber et al.
1988; Piikivi and Hanninen 1989; Ritchie et
al. 1995; Smith and Langolf 1981; Smith et
al. 1983).
Dentists and dental workers, who have
exposure levels substantially lower than occu-
pational workers, exhibit deﬁcits in visuospatial
skills, verbal and nonverbal memory, attention,
logical reasoning, response time and psy-
chomotor coordination, and increases in
tremor (Bittner et al. 1998; Ngim et al. 1992;
Ritchie et al. 1995). These data suggest that
dose–response relationships may begin at UHg
levels found in U.S. dentists (4.6–8.1 µg/g 
creatinine) (Naleway et al. 1991). Echeverria et
al. (1998) reported associations between mer-
cury exposure and motor function, cognition,
and self-reported symptoms and mood in their
study of dental personnel receiving a challenge
chelation test (which has not been validated as
a measure of mercury exposure). Mean UHg in
that study was 0.9 µg/L before and 9.1 µg/L
after chelation (unadjusted for creatinine,
although urine was collected for only 11 hr
before and 6 hr after chelation).
Our power calculations indicated excel-
lent power to detect small associations. Using
a conservative significance level of 0.01, we
had 80% power to detect 0.29 standard devi-
ation units difference in neuropsychologic
test score for those above the median expo-
sure levels, and 90% power to detect 0.33
standard deviation units.
We considered the temporal relationship
between placement of amalgams and neu-
ropsychologic performance. Although cross-
sectional studies are not able to derive
temporal precedence, we may safely assume
that the placement of amalgams and the resul-
tant exposure to mercury preceded the out-
comes. Most amalgams are ﬁrst placed during
the teenage years, and relatively few are placed
after the age of 25 years.
We also considered the possibility of con-
founding by social class in childhood, because
both dental care and neuropsychologic perfor-
mance may be related to parental education
and occupation. However, no associations
between educational attainment and parental
occupations up until the participant was 13
years of age and either the number of amal-
gams or neuropsychologic performance were
found in the adult child. We also included
these variables in the regression analysis; in no
case did their inclusion (either individually or
together) change the regression coefficient
relating mercury exposure to neuropsychologic
test performance.
One limitation of this study is the absence
of data on when the amalgams were placed,
removed, or replaced. Most amalgam ﬁllings
were probably placed 10–20 years ago.
Although it was possible to obtain the name
of and permission to contact the participants’
current family dentists, it was unlikely that
participants would remember the name and
addresses of all dentists seen over the 20-year
period.
Finally, it is well known that exposure to
high concentrations of organic mercury
(notably methyl mercury) via ﬁsh and seafood
consumption, such as those found in the
Minimata Bay episode, is associated with neu-
ropsychologic deficits in children (Igata
1991). Those findings, however, were not
conﬁrmed in more recent studies in the Faroe
Islands (Grandjean et al. 1997) and Seychelles
Islands (Palumbo et al. 2000) in the lowest
exposure groups (which are likely to reflect
levels found in U.S. children). We obtained
data related to usual consumption of ﬁsh and
other seafood, but we did not measure
methyl mercury in the blood for two reasons.
First, blood mercury represents relatively
recent exposure and would yield little infor-
mation regarding lifetime exposure history.
Second, among participants, seafood con-
sumption was distributed randomly across
persons with few or many amalgams (data
not shown). Our biological measure of expo-
sure, UHg, also likely includes some organic
mercury exposure.
The beneﬁts of amalgams over other cur-
rently available restorative materials have
been well described (Dodes 2001). Given
the level of concern regarding amalgam
safety among the public and dental profes-
sion, our results are reassuring in that expo-
sure to amalgam-derived mercury is not
associated with detectable subtle neuro-
psychologic deﬁcits.
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Table 4. Estimated adjusted regression coefﬁcients of each exposure variable for each neuropsychologic test.
Number of 
UHg (µg/g creatinine) Total number of amalgams occlusal amalgams
Test βa,b SE(β) βc SE(β) βd SE(β)
SRT total recall (no. correct)e –0.020 0.194 0.033 0.041 0.049 0.081
BVRT recall condition (no. correct)f –0.040 0.040 –0.004 0.009 –0.018 0.017
WAIS-R digit symbol (age-adjusted scores)g –0.038 0.056 –0.001 0.012 –0.016 0.023
Trail-Making test: A [time to completion (seconds)]h 0.120 0.320 –0.004 0.068 –0.052 0.135
Trail-Making test: B [time to completion (seconds)]i –0.372 0.703 0.081 0.143 0.323 0.283
Grooved Pegboard: dominant hand [time to completion (seconds)]j –0.428 0.339 0.085 0.071 0.189 0.140
Grooved Pegboard: nondominant hand [time to completion (seconds)]k –0.323 0.380 –0.030 0.079 –0.044 0.155
aEstimated adjusted regression coefﬁcient. bChange in test score per unit increase in UHg (µg/g creatinine). cChange in test score per unit increase in the total number of amalgams.
dChange in test score per unit increase in the number of occlusal amalgams. eAdjusted for age, position (professional, support staff), sex, education, and English as a ﬁrst language.
fAdjusted for age, position (professional, support staff), job category (maintenance, facilities, security; clerks, receptionists, secretaries; engineers, research technicians; nurses, physi-
cans’ assistants, social workers, managers, attorneys; scientists, educators; physicians, psychologists, dentists), and English as a ﬁrst language. gAdjusted for age, position, sex, educa-
tion, ethnic group, U.S. born, and job category. hAdjusted for age, position, education, ethnic group, and U.S. born. iAdjusted for age, position, sex, education, ethnic group, and English
as a ﬁrst language. jAdjusted for age, position, sex, education, and ethnic group. kAdjusted for age, position, education, and ethnic group.Environmental Medicine | Mercury and neuropsychologic function
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